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Abstract 

We study deformed super symmetries in J\f = 2 super Yang-Mills theory in the 
O-backgrounds characterized by two complex parameters e\ , e% . When one of the 
e-parameters vanishes, the theory has extended supersymmetries. We compute the 
central charge of the algebra and obtain the deformed BPS monopole equation. We 
examine supersymmetries preserved by the equation. 



1 Introduction 



The f2-background deformation of M = 2 supersymmetric gauge theories is a useful 
method to regularize the integrals over the moduli space of instantons [U EJ [3]. This 
background is characterized by two anti-symmetric matrices Q mn and Q mn parametrized 
by two complex numbers €\, e 2 and their complex conjugates. The ^-background induces 
the U (l) 2 vector fields on R 4 . This torus action is used to define the supercharge, which is 
shown to be equivariantly nilpotent by introducing the Wilson line gauge fields. Using the 
localization theorem [2], the regularized integral (the instanton partition function) leads to 
the Seiberg-Witten (SW) prepotential [I] in the limit ei, e 2 — > 0. In superstring theory the 
f2-background is realized as a certain J\f = 2 supergravity background [5J El [8j EJ HQl EH] • 

Recently it has been pointed out that there is a relation between two-dimensional 
integrable systems and gauge theories in the f2-background where one of the e-parameters 
vanishes p21 Efl EH ESI EE]- The theory in this f2-background has two dimensional 
J\f = 2 super-Poincare invariance. In particular it was shown that the instanton partition 
function in the limit e 2 — > with t\ — H is obtained by the deformation of the SW 
theory [T71 EE1 EHl EQ] . The period integrals of the SW differential are obtained by solving 
the quantized Toda spectral curve equations, which are evaluated by the exact Bohr- 
Sommerfeld integrals. 

The purpose of this paper is to study the deformed SW theory from a field theoretical 
point of view. The sum of the period integrals of the SW differential is the central charge 
of M = 2 supersymmetry algebra [21]. We will study the deformed supersymmetry 
algebra in the f2-background and calculate the central charge. Such deformations of the 
central charge have been known for non(anti)-commutative field theories [221 123]. The 
^-background deformation of the central charge would give H- correct ions to the BPS 
spectrum, with which one can compare the fi-deformation to the period integral. In this 
paper we will derive the deformed BPS monopole equation in the f2-background. 

The organization of this paper is as follows. In section 2, we introduce the four- 
dimensional M = 2 super Yang-Mills theory in the f2-background and discuss the de- 
formed supersymmetry. In section 3, we calculate the central charges of the supersymme- 
try algebra and derive the monopole equation in the ^-background by the Bogomol'nyi 
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completion of the energy density. We also discuss the supersymmetries preserved by the 
BPS equation. Section 4 is devoted to conclusions and discussion. 



2 Supersymmetries of Q-deformed J\f = 2 super Yang- 
Mills theory 

In this section we discuss the deformation of M = 2 U(N) super Yang-Mills theory in 
the fi-background [21 El [2H [2S]. We will define the theory in spacetime with Euclidean 
signature. The theory contains a gauge field A m (m = 1,2,3,4), Weyl fermions A^, A^, 
and complex scalars tp, (p. They belong to the adjoint representation of U(N) gauge 
group. The 50(4) = SU(2) L x SU(2) R Lorentz spinor indices are denoted as a, a — 1,2 
while 7 = 1,2 indicates the SU(2)i R-symmetry index. These SU(2) indices are raised 
and lowered by the antisymmetric e-symbol with e 12 = — e±2 = 1. We expand the fields 
with U(N) basis T u (u = 1, 2, . . . , N 2 ) normalized by Tr(T u T v ) = k5 uv with a certain 
constant k. The Lagrangian of the theory in the flat spacetime is given by 



Co = -Tr 

K 



-F mn F mn - l lf-F mn F mn + A I a m D m A I + D m <pD m <p 



(2.1) 



where F mn = d m A n — d n A m + ig[A m , A n ] is the gauge field strength, g is the gauge coupling 
constant and D m = d m + ig[A m , *] is the gauge covariant derivative. We also define the 
Dirac matrices a rn = (ir 1 ,ir 2 , ir 3 , 1) and a m = (—ir 1 , —ir 2 , —ir 3 , 1), where r c (c = 1, 2, 3) 
are the Pauli matrices. The constant 9 is the theta-angle and F mn = \e mnpq F pq is the 
dual of F mn . 

The four-dimensional M = 2 super Yang-Mills theory in the Q background is obtained 
by the dimensional reduction of the six-dimensional M = 1 super Yang-Mills theory with 
the non-trivial metric [21]. We also introduce the R-symmetry Wilson line by gauging 
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the SU(2)j R-symmetry. The Lagrangian of the four- dimensional theory is given by 



Co = -Tr 



K 



-F F r 

. 1 ran 1 



iQg 2 

32n 2 



F mn F mn + (D m <p - gF mn n n ){D m ^ - gF mp Q, 



+ A I a m D m A I - -^gA 1 ^, A/] + -^=gAi[<p, A 1 ] 



L gOTtiD^ - -^g^A'a^Aj 



V2 



- -^g^AjDrnA 1 + ^gn^Aja^A 1 

+ |- ([if, 0\ + itt m D m p - iQ m D m ip + i g n m n n F n 

- ^gA'jA'Aj - -^gA^A'Aj 



(2.2) 



where the Lorentz generators a mn and a mn are defined by 

)\ / — mn\a ^ / 



a/3 a a/3/" 



^ V ota~ -act' /j \~ / p 

The R-symmetry Wilson line gauge fields A 1 j, A 1 j are constant, Q m = Q mn x n , Cl 
Q mn x n and the ^-background is parametrized as follows: 
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(2.4) 



Here ei and e 2 are complex numbers and Z\ and €2 are their complex conjugates. 

The undeformed theory defined by (12. ip has M = 2 supersymmetry. The supersym- 
metry algebra is given by 

{Qj, Qpj} = 2 (<X m ) Q/ g Pm^J, 

{Qai, Qpj} = -2V2eue a pZ, (2.5) 
{Qa / ,g/} = -2v / 2e /J e. / 3Z, 

where and QJ are supercharges, P m is the four-momentum and Z is the central charge. 
The supersymmetry algebra leads to the BPS inequality for mass M: 



M > \[2\Z\ 
3 



(2.6) 



Here the equality holds for the BPS saturated states. 

It is convenient to use the topological twist [2B], which is defined by identifying the 
SU (2)/ R-symmetry indices / with the SU (2)# spinor indices a. The twisted supercharges 
are introduced by 

Qm = VmQal, Q = $?Q&, Qmn = —{ffmnflQdf (2-7) 

The supersymmetry algebra (12.5p becomes 

{Q m , Q} = 2P rn , {Q rn , Q pq ] = («5 V - - e™**) P n , 

{Q, Q} = {Q m , Q n } = -AV25 mn Z, 



{Qmn, Q} = 0, {Qmn, Qp q } = ^ " S^S"* ~ £™) Z. 



(2.8) 



For general ^-background, where ex and 62 are generic, the action defined by (12. 2p has 
one scalar supersymmetry Q (21 [25] by choosing the R-symmetry Wilson line gauge fields 
such as 

A 1 j = -\n mn (a mn yj, A 1 j = ~n mn (a mn Yj. (2.9) 

If the f2-background and the Wilson line satisfy special conditions, the theory has further 
extended supersymmetries. 

It is known that if the f2-background are self-dual e\+€2 = or ant i- self- dual e\— €2 = 
and there are no Wilson lines, the theory has M = (4, 0) or J\f = (0, 4) supersymmetries3 
. The deformed supersymmetry transformations are given by 

5A m = - (£V m Aj + 6a m A 7 ) , 
5 A 1 =a mn ^F mn + V2a m ^D m ip + ig^ 1 [cp, 0\ 

- V2gF mn n n a m ^ + 9 e {n rn D m v - n m D m cp) + g 2 n m n n F mn ^, 

5A T =a mn ^jF mn - V2a m CiD m <p - igfr [ip, 0\ (2.10) 

- V2gF mn Q n ^a m - gfr {n m D m tp - Q m D m <p) + g 2 Q m n n F mn O, 
Sip =V2^Aj - gtt m (£ J <7 TO Aj + ^a m A T ) , 
Sip =V2^Aj - g£l m (^a m Aj + ^ff m A ; ) . 



1 We denote J\f = (p, q) by supersymmetry with p chiral and q anti-chiral supercharges. 



Here, we have set £ 7 = for the self-dual and £ 7 = for the ant i- self- dual f2-background. 
We note that in these cases, there are no translational symmetries and only the chiral- or 
anti-chiral- sector of the supersymmetry remains. 

We now discuss supersymmetries of the theory with the Wilson line (12.91) in the cases 
that one of the deformation parameters 61,62 is zero. In these cases, the translational 
invariance in the (l,2)-plane or the (3,4)-plane is restored. 

As we have mentioned before, at least one supersymmetry Q corresponding to the 
transformation with £ = 5f in (12.101) is conserved. We examine invariance of the action 
under other transformations generated by supercharges Q mn and Q m associated with the 
deformed supersymmetry transformations (I2.10p . We find that the action is not invariant 
by the transformation generated by Q mn . The variation of the Lagrangian under the 
transformation generated by Q m is 

5^ m C = U (n +mn + fr™) S.V2g6 np F + ^A q - -±=tg 2 [<p, <p] A n 
+ ^=9 2 K {WD p (p - W>D p (p) - ^g 3 WWF pg A n X 

+ U (n +mn + n~ mn ) {g (DV) (2A; p + 5 np A) + g 2 W (2F pq A~ n + F nq A) } , (2.11) 

where A m ,A mn ,A are the fermions obtained by the twist (12.71) . The (anti-)self-dual part 
of an antisymmetric tensor A mn is defined by A^ n = h(A mn ± A mn ). 

From (12. lip , we find that the variation by the Q m -transformation vanishes under the 
conditions: 

U (Q +rnn + Q- mn ) = 0, U (Cl +mn + Q- mn ) = 0. (2.12) 

When 62 = 0, these conditions are satisfied for £ m = (0,0,£ 3 ,£ 4 ). Therefore for e 2 = 
0, Af = (0, 1) supersymmetry is enhanced to J\f — (2, 1) generated by supercharges 
Q 3 , Q A , Q. When e x = 0, these conditions are satisfied for £ m = £ 2 , 0, 0) . Therefore for 
ei = 0, the theory has Af = (2, 1) supersymmetry generated by supercharges Q 1 , Q 2 , Q. 

We note that when we exchange Q mn with Q mn in the definition of the Wilson line 
(12. 9p . we find that certain linear combination of Q mn is conserved. In this case, the Wilson 
line becomes 

A 1 j = ~n mn ^ mn Yj, A I j = ~n rnn (a mn ) I J . (2.13) 
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We find that the action is no longer invariant by the transformation generated by Q. The 
variations of the Lagrangian by Q m and Q mn become 

8 U C = U (n +mn + n~ mn ) | V2g5 np F + ™A q - ±=ig 2 <p\ A n 
+ ^9 2 K {WD P v - Cl p D p <p) - ^ 3 M 9 F M A n J 

+ U (n +mn + n~ mn ) {g (DV) (2A; p + 6 np A) + g 2 W {2F pq A pn + F nq A) } , (2.14) 
6^C = Un (fi" pm + fi~ pm ) ^{2F-A- - F~ p A + igA pn [<p, <p] 



V2 

+ g (WD q ip - Cl q D q ip) A~ p + g 2 miF lq A- p - 2V2gWF pq A n + 2^p2D p ^A n 
1 

V2 



+ Lntt- mn ( —gF- q A-™ + g (D p <p) A p + U n g 2 n- mn F pq Q?Ai 



(2.17) 



+ U n {Q~ mn - Q~ mn ) ^=g 2 {-i [if, $}A + (pPDptp - fiPDptp) A + gtim«F pq A} . 

(2.15) 

These vanish for 

r n + ^) = o, r n ^„ = o, 

2.16 

r fe. + ny = o, r + fiij = o. 

When e 2 = 0, these conditions are satisfied for real e-y, £ m = £ 2 , 0, 0) and 

/ o o era fi4 \ 
o o -ei4 63 
-6a 64 o o 

V -Ci4 -6s o o / 

Therefore for e 2 = 0, the theory has M = (2, 2) supersymmetry generated by super- 
charges Q 1 , Q 2 , Q 13 , Q u . When e\ = 0, these conditions are satisfied for real e 2 , 
£ m = (0, 0, £ 3 , £ 4 ), and £ mn given by (!2T7jl . Therefore for e x = 0, the theory has A/" = (2, 2) 
supersymmetry and the supercharges Q 3 , Q 4 , Q 13 , Q 14 are conserved. 

The conserved supercharges are summarized in table [TJ In all cases, the theory has 
supersymmetries including both the chiral- and anti-chiral-sectors. So far we have iden- 
tified the SU(2)i R-symmetry indices with the SU(2)r spinor indices. When we identify 
them with the SU(2)l spinor indices a and replace a mn in the Wilson lines by a mn , the 
theory has J\f = (1,2) or Af = (2, 2) supersymmetry. 



6 





ex ^ 0, e 2 = 


ei = 0, e 2 ^ 


Wilson line fl£2J 




Q\ Q\ Q 


Wilson line (l2.13j) 


q\ q\ g 13 , g 14 


g 3 , g 4 , g 13 , g 14 



Table 1: Classification of conserved supercharges. 



3 Central charges and BPS monopole equation 

In this section, we will derive the Noether currents and evaluate the central charge of 
the algebra. We will obtain the BPS monopole equation and classify supersymmetries 
preserved by the equation, which depend on the f2-background and the SU(2)j Wilson 
line. From the deformed supersymmetry transformations f 1 2 . X 1) . we can calculate the 
Noether currents J™ 7 and J] 71 " associated with them. We find 



J? a =-Tr 

K 



y/2 {D m tp) A Ia + j-is [<p, 0\ 5 mn - F rnn + (^L + ij p mn J < A A/ d 

- 2V2 (D n (p) a mn jA ip - g { V Q m - ^Q m ) a^D n Aj" - g ( V Q mn - £fi mn ) a^A/ 
+ g ( V tt n - (ptt n ) a^D n A r & - g (tt m D n (p + n m D n <p) a^A/ 

- V2gF mn Q n A Ia - iV2g 2 ti m [cp, 0\ A Ia + V2g 2 Q m (n n D n <p - Q n D n <p) A Ia 
+ 2V2gF np ti p a mn jA ip + V2gF np n m a np jA I(3 



+ 2g 2 F np n m Q^ & A I & - g 2 m n F np aZA^ + V2g 3 n m n n n p F np A Ia 



(3.1) 



The complex conjugate Jf m may be calculated in a similar way. The anti-commutation re- 
lations of the supercharges, which are defined by the spatial integration of J 47 is evaluated 
by using canonical anti-commutation relations of the fermions, which is given by 

{Ar(x 7 x 4 ),A Ja (x\x^} = 8 I J a 4&a 8\x-&). (3.2) 

We then obtain [2~T] 

{Qia, Qjp} = -2V2e a peuZ, (3.3) 
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where Z is the deformed central charge: 



d?x— Tr 



ig {D A tp) [tp,tp} + (D n tp){F 



in 



i9g> 
8tt 2 



+ 1)F 



in 



+ 5 (D 4 y>) (n n D n (p - tt n D n tp) + g I -ig [tp, tp] 5 in - F An + 



iOg 1 



+ 1 ) F An \ F np n p 



+ g 2 (D 4 <f) n p n n F np - g 2 (n n D n tp - n n D n <p) F 4p n p - g 3 F 4n n n n p n q F c 



•ip 



(3.4) 



The complex conjugate Z can be calculated in a similar way. In this paper, we focus 
on the magnetic monopole configuration such that the fields that depend on the three- 
dimensional space spanned by (x l ,x 2 ,x 3 ) and are independent of x 4 . The scalar field is 
taken to be in the Cartan subalgebra so that [<p, (p\ — and we fix the gauge A 4 = so 
that the electric field Fa vanishes. We find that Z for the monopole configuration is given 
by, 



Z 



1 



d 3 x &Tr[Bi<p], 



(3.5) 



/ K 

where we have defined the magnetic field Bi = ^e^j-F^. This is the same as the unde- 
formed case. However, we will find that the monopole equation is deformed by the Q- 
background as discussed below. Then the central charge could depend on the e-parameter. 

To find the BPS equation corresponding to the monopole configuration, we perform the 
Bogomol'nyi completion of the energy functional by combining the kinetic and potential 
terms. In the monopole configuration, we obtain the energy 



E 



d x Tr 



+ — ([<p, ip] + iWDiip - iWDitp - iginVEij)' 
2 



-Bf + (Di<p + gWF^iPiip + gti k F 



(3.6) 



where we have taken 6 = for simplicity. The vacuum configurations of the theory are 
given by 



Di(p = DiLp = 0, Ai = 0, [tp, ip] = 0. 



(3.7) 



Hence, the Higgs field tp takes value in the Cartan subalgebra U(1) N and the vacuum mod- 
uli space becomes U(N)/U(1) N = SU(N)/U(1) N ~ 1 , which is the same as the undeformed 
theory. 



S 



To find the energy bound, we use the phase transformation of ip and £1 to set those to 
the values which are consistent with the first equation in (12.1 6ft : 



cp = -ip, Q rnn = -Q mn . (3.8) 

Then the third term in ( 13. 6ft vanishes and the energy is rewritten in the perfect square 
form, 

E = - J d 3 x Tr 

> T^j d 3 x <9,Tr [B4] , (3.9) 

where we have defined = iy/2ip, Vt 1 ^ = iy/^il^ and Cl l = Cl m x n . The energy bound is 
saturated if the following deformed BPS equation is satisfied: 

B i ±(D i (f> + g£l j F ji ) = 0. (3.10) 

From (13.91) . we find that the energy at the lower bound is the same as the central charges 
( 13. 5 p derived from the supersymmetry algebra. 

When €\ 7^ and e 2 = 0, the BPS equation is deformed by €\ and its solutions depend 
on the parameter e\. On the other hand, when e% — and e 2 7^ 0, the BPS equation 
depends on x A since the third term in the equation (I3.10p contains x A . In this case, we 
can consider the monopole configuration which depends on (x 2 , x 3 , x A ) and is independent 
of x 1 , which gives the similar deformed BPS equation. 

In the following, we will investigate supersymmetries that are preserved by the BPS 
state. Substituting the BPS equation (I3.10p into the supersymmetry transformations of 
the fermions in (I2.10p . we obtain the condition on the supersymmetry parameters that 
are preserved by the BPS configurations: 

± i{a mn Y^% nn ± is 1 ^ + U(v m )«je IJ = 0, (a = a = 1,2). (3.11) 

As we have discussed in section 2, only part of the £ m ,£, £mn symmetries exist in the 
theory in the ^-background. We will examine the condition (13. lip for the cases where 
Q mn is ( ant i-) self- dual or one of the e-parameters is zero. 



=F — I d 3 x d t Tr [S f 
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When Q mn and Cl mn are (anti-) self-dual, the action is invariant under £ Q j (anti-self- 
dual case) or (self-dual case) transformations. In both cases, we find that all the 
supersymmetry is broken by the BPS conditions ( 13. lip . 

On the other hand, when Q mn and Cl mn are not (anti-)self-dual, the action is invariant 
under the £ transformation if one considers the Wilson line (12.91) . The condition (13.111) 
implies that the ^-supersymmetry is broken and the BPS configuration does not preserve 
any supersymmetries. 

In the cases that one of the e-parameters vanishes, the supersymmetries that are 
preserved by the BPS condition are classified as follows: 

(i) ei f 0, e 2 = and Wilson line gjjjj 

In this case, the action is invariant under the £, £3, £4 supersymmetries and there are 
translational symmetries in the (3,4)-plane. The BPS condition (13. lip becomes 

z£ 3 - z£ 4 ± z£ 

where we have written the condition as the 2x2 matrix form with respect to the 
spinor and R-symmetry indices. Therefore the BPS state preserves one supersym- 
metry specified by a linear combination of Q4 and Q. 

(ii) ei = 0, e 2 £ and Wilson line Q 
In this case, the action is invariant under the £,£1,^2 supersymmetries and the 
translational symmetry in the (l,2)-plane. The BPS condition (13. lip becomes 



0, (3.12) 



T«f if 1 - i& 



0. (3.13) 



This condition implies that £3 = £4 = £ = 0. Therefore the BPS state does not 
preserve any supersymmetries. 

(iii) ei ± 0, e 2 = and Wilson line flgHjj) 

In this case, the action is invariant under the £1, £2, £13, £14 supersymmetries and the 
translational symmetry in the (3,4)-plane. The BPS condition (13. lip becomes 



±z£i 3 =F £u - z£i -6 

±i£ 13 ± £l4 + %i 



0. (3.14) 
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ei 7^ 0, e 2 = 


ei = 0, e 2 ^ 


Wilson line (1X9]) 


*Q 4 =F *g 


no supercharge 


Wilson line fl2.13j) 


± ,gi3 _ g 2) ^g!4 + gl 


no supercharge 



Table 2: Supercharges preserved by the BPS state. 



This implies the conditions, 

±ifi3-6 = 0, ^14 + 6 = 0. (3.15) 

Therefore the BPS state preserves two supersymmetries specified by linear combi- 
nations of Q 2 , Q13 and Qi, Q u . 

(iv) ei = 0, e 2 £ and Wilson line gZC| 

In this case the action is invariant under the £i 3 , £i 4 , £ 3 , £ 4 supersymmetries and the 
translational symmetry in the (l,2)-plane. The BPS condition (13. lip becomes 

( ±«'£l3 =F £l4 l'6 - 
V + ±«'£l3 ± £l4 

This condition implies £13 = £14 = £ 3 = £4 = 0. Thus the BPS state does not 
preserve any supersymmetries. 

The supercharges that are preserved by the BPS condition are summarized in Table [2j 

4 Conclusions and discussion 

In this paper, we have studied the deformed supersymmetries of = 2 super Yang-Mills 
theories in the f2-background and the Wilson lines. For general f2-background, there is one 
scalar supersymmetry. When one of the e-parameters is zero, we have found the theories 
with M = (2, 1) or (2, 2) or (1, 2) supersymmetry by choosing the appropriate Wilson line 
gauge fields. We have also calculated the central charge of the deformed supersymmetry 
algebra. For the monopole configurations the formula for the central charge does not 
contain the e-parameter. We have performed the Bogomol'nyi completion of the energy 
density and obtained the deformed BPS monopole equation. We have examined the 
supersymmetries preserved by the monopole equation. 
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The central charge for the monopole could receive e-corrections through the deformed 
BPS monopole solution, where this situation occurs for e 2 = 0. In this case, the deformed 
BPS equation has the axial symmetry around the z-axis. We may use Manton's ansatz 
m\ for the fields: 



4 a = { vip a + ( m + — )z a \<p + w x p l (p a + w 2 z l (p a 



gpj J (4.1) 



where (p,cp,z) are the cylindrical coordinates. r] a , W a and <fi a (a = 1,2) are functions of 
(p, z) and 

p = (cos <p, sin <p, 0), <p = (— sirup, cosy?, 0), z— (0,0,1). (4.2) 

Here we have considered the SU(2) gauge group for simplicity and the superscript a 
denotes the SU(2) index. Substituting (14.1 ft into the deformed BPS equation (13.101) . we 
obtain 

- <9 3 ?7i + gV2W 2 = - + ^2 e 2 p2 { d p^ ~ aWxfa + gep(d 3 (j)i - gW 2 <p 2 ) }, 

- d 3 r] 2 - gr]iW 2 = o \ d p<f>2 + gWifa + gep{d 3 <f) 2 + gW^)}, 

1 + g z e z p z I ) 

d P Vi + -- gW lV2 = \ J d 3 ^ - gW 2 4> 2 - gepidpfa - gW l( f> 2 )\ ( 4 - 3 ) 
p 1 + g l e l p l v 

d P V2 + — + gW X T) X = 1 J d 3 <f) 2 + gW 2 $ x - gep(d p <p 2 + gW - 
p 1 + g 2 e 2 p 2 I 

d p W 2 - d 3 Wi = -grjifc + g^fa, 

where e = — |Reei and we have chosen the minus sign in the BPS equation. These 
equations are invariant under the gauge transformations 



WD f ' 



W[ = Wt + -d p A, W 2 ' = W 2 + -d 3 A, 

g g 

(/)[ = cos A0! + sin A0 2 , 0' 2 = cos A0 2 — sin A0 1; (4-4) 
r][ = cos Ar/i + sin Ar] 2 , r]' 2 = cos Ar] 2 — sin Arji, 

where A is a function of (p,z). There are five differential equations for the six unknown 
functions, which have one gauge degree of freedom. For e = 0, the solution for (14. 3p 
has been found in [301 El] • It is an interesting problem to find solutions to the deformed 
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equation by perturbations around the exact solution and calculate the e-corrections to the 
central charges. It would also be interesting to study the Nahm construction of monopoles 
[32] and other BPS solitons such as vortices and domain walls. These subjects will be 
discussed elsewhere. 
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